INTRODUCTION
This review attempts to determine how nest building relates to the origin and early evolution of a major taxonomic category-the passerine birds. The Order Passeriformes includes threefifths of the living species of birds, and the origin and adaptive radiation of passerine birds is arguably the most important problem in omithology, after the origin of birds themselves.
More explicitly, the goals of this review are to attempt to answer four inter-related questions: On the basis of various derived traits, Raikow (1982) presents evidence that the Order Passeriformes is a monophyletic group. The perching foot of passerines, unlike that of other birds, has a large hind toe whose tendon is not joined to the tendons of other toes, thus permitting maximum flexibility of the large and opposable hind toe. It is a reasonable assumption that this arrangement should help many passerines in escaping from enemies by moving speedily and rensmeyer et al. 1992) and insects (Labadeira and Sepkoski 1993), and a great diversity and abundance of passerine birds. Nectar from flowers and small seeds are especially available to small birds, while insects were probably the major food of early passerines judging from primitive passerines today.
A theoretical basis for the evolution of the Order Passeriformes as a major taxonomic category stems from the book by Simpson (1944) Tempo and Mode in Evolution, and his later book (1953) on The Mujor Features of Evolution where he states (p. 346): "As a generalization, the development of a higher category seems always to involve the rise of some distinctive sort of adaptation related to spread into a major adaptive zone." Simpson deduced certain broad principles of evolution from the best known fossil histories of vertebrates, especially mammals. He recognizes three modes or phases in the evolution of a major taxonomic category. I apply these three phases to the evolution of the Passeriformes in an attempt to interpret the early evolution of nest building by passerine birds. These three phases are about as follows:
NEW ECOLOGICAL OPPORTUNITIES
A vast number of new ecological niches in the Late Tertiary must have opened up with the greatly increased environmental and biotic diversification over the world (Behrensmeyer et al. 1992 ). Early passerine birds were uniquely preadapted to invade many such new habitats by their small body size, powers of flight, and flexible nesting behavior. The ability of passerine birds to construct their nests where they wish must have greatly increased the number and variety of nest sites available to them, enabling them to compete effectively with the hole-nesting and often larger coraciiform and piciform birds (Collias 1964) . Numerous nest sites, more available to small than to large birds, must have included nesting on green land plants or on emergent green plants over water, or on twigs and fine branches of bushes or trees, as well as nests pensile from drooping twigs or vines.
Secondary radiation and specialization involved persistence of the more successful lines in evolution. Different phylogenetic lines (genera, subfamilies and families) have elaborated different specializations of the basic nest types. Parallel and convergent evolution are common, especially among passerine birds (Mayr and Ashlock 1991) and their nests (Collias and Collias 1984) . Secondary adaptive diversification of nests will be exemplified below with three large suboscine families, the Tyrannidae, Thamnophilidae, and especially the Fumariidae. Domed nests have evolved by two routes: roofs on ground nests, and on nests in trees hung from peripheral drooping branches, twigs and vines.
BASIC NEST TYPES AMONG PASSERINE BIRDS
Knowledge of the basic nest types sets the stage for further analysis. Basic nest types refer especially to nest form and general nest site, and among passerine birds include hole nests, opencup nests (not in holes) and domed nests with a constructed roof. Hole nests may be in the ground, in rock crevices, or in trees. The reason these nest types are termed "basic nest types" is because each basic nest type has been elaborated in evolution into a wide variety of subsidiary and specialized kinds of nest (Collias and Collias 1984) . Table 1 shows the frequency of the basic nest types in the Passeriformes. This table is based on the number of families having each nest type (Collias and Collias 1984) . It should be recognized that some bird families may have more than one basic nest type and may be entered into the table more than once. In general, the taxonomy followed is that in the references cited in the There is agreement, based on both morphology (Raikow 1987 ) and DNA hybridization (Sibley and Ahlquist 1990) combined with numerical cladistic analysis (by these authors), that the most primitive families of the Order Passeriformes are the nine small families listed in Table 2. These include seven families of suboscine passerines plus the Australian lyrebirds and scrubbirds which often are considered to be the most primitive oscine passerines and are sometimes placed in a suborder of their own (Menurae). Except for the lyrebirds, 8 of the 9 primitive families are generally small birds and have one or more species only 15 cm or less in body length. Table 2 also shows the number of species for which nest-type data exist in each of these families that builds the nest type indicated. However, there is no general agreement as to which of these nine primitive families most closely resembles the passerine ancestors. Presumably they all share some traits of the common ancestor.
Traditionally, the broadbills (Eurylaimidae) of Old World tropical forests have been considered to be the most primitive living family of passerine birds, and they often have been listed first in classifications of passerine families (Harrison 1978) . Broadbills and philepittids build pensile nests with a side entrance and the nests may be high up in trees. Prum (1993) studied the phylogeny of the broadbills, and concluded that the rather specialized nests were all derived within the family. He also united the Eurylaimidae and Philepittidae into one family.
Sibley and Ahlquist (1990) concluded from DNA hybridization studies that "the acanthisittids are the survivors of an ancient passerine lineage with no close relatives" and that it is possible that they should be assigned to a third suborder as the sister group of the suboscines and oscines. The three living species of New Zealand wrens (acanthisittids) build enclosed nests, often nesting in tree holes or in rock crevices. Feduccia and Olson (1982) suggested that the Table 2 also shows that primitive passerine families taken together often build their nests above the ground (43 species in all nine primitive families), and also fairly often in or on the ground (30 species in five families). This suggests that early passerines had considerable flexibility in choice of nest sites.
Six of the nine primitive passerine families have more than one of the basic nest types and nest sites (Table 2) Based on results with DNA hybridization, Sibley and Ahlquist (1985) recognized a lineage of tyrannids which separated from the other tyranmds before the radiation of the typical tyrants, becards, cotingas, and manakins began. They designated this group the subfamily Pipromorphinae and considered it to be the sister group of the other subfamilies of Tyrannidae. They suggest that the Pipromorphinae may include at least eight genera. Of these eight genera, information on the nest is available for six: Mionectes (including Pipromorpha), Leptopogon, Pseudotriccus, Corythopis, Hemitriccus, and Todirostrum. Insofar as it is known, all of these six genera build domed (roofed) nests. Considering the frequency of parallel and convergent evolution of nests in the Tyrannidae, it still is possible that the common ancestor of this family built an open-cup nest and that the pipromorphs independently evolved domed nests.
Within the Tyrannidae, many specialized subtypes of cup and domed nests have evolved; these are described by Skutch (1960) , and by Hilty and Brown (1986) Coryphisturu (1) Anumbius (1) Phacellodomus (7) Pseudoseisuru ( ic simplification, although further study may be needed in some cases (Fitzpatrick 1982) . Table 3 shows that, in general, the type of furnariid nest helps characterize and is usually consistent with the genus. Genera are defined by several characters (Mayr and Ashlock 1991), of which the nest is only one, but a very helpful one. Of 19 genera in Table 3 with more than one species listed, 16 or 84% build only one basic type of nest, either a hole-nest or a domed nest. Only 3 genera (Fumarius, Leptasthenura, and Asthenes) have more than one basic nest type (binomial test, P = 0.002, comparing 3 genera versus 0 if one assumes all genera have the same basic nest type). The tit-spinetails (Leptasthernura) have four types of nests and nest sites, but these birds often occupy old nests of various other species of birds. They characteristically line their nests heavily with feathers. Table 4 (Fig. 2) , (P. ruber) has only one or two compartments in vary considerably in length and number of nest its large twig nest (Narosky et al. 1983 ). compartments, up to eight or nine that are built
varies in this genus from one side to a narrow nest is occupied by only one pair of thombirds entrance tunnel opening at the top of the nest. and their young, and the eggs are laid only in Compound nests of Phacellodomus rujifrons the bottom compartment. The Greater Thombird inomarus. the Plain-fronted Thombird
The different nest types of canasteros (Asheone above the other, each with its own side en-nes) suggest that a change from nesting in the trance (Skutch 1969b , 1996 , Thomas 1983 In Patagonia we found a ground nest of A. anthoides, the Austral Canastero, the nest site of which has not been described before. This nest is of interest because it may represent an intermediate stage between nesting in the ground, or above ground. The nest (Fig. 3) was found in Santa Cruz province in shrublands near the Rio Chico, southwest of the city of Rio Gallegos (approx. 52"S, 69"W). The nest was hidden on the ground just beneath the center of a low, densely branched juniper-like shrub. The parents brought insects to the nest bush, and on parting the dense foliage I saw the nest which was halfway in the ground. It was in a depression in the soil about 5 cm deep that had presumably been scraped out by the birds and which was lined with white feathers. This depression was covered by a domed roof of twigs laid sparsely over some dark soft plant material, whereas sides of the entrance were of dry grass stems. The side entrance was about 5 cm in diameter. There were Further progress in the analysis of the early evolution of passerine nest-building comes from comparing the ecological conditions that favor the evolution of each nest type.
ECOLOGICAL CONDITIONS THAT FAVOR EVOLUTION OF THE BASIC PASSERINE NESTS
The nests of birds, like foraging behavior patterns, give clues to significant problems of ecology (Collias and Collias 1984 , Collias 1986 , 1991 . In forest birds of Arizona, Martin (1988) found that numbers of species were more correlated with density of nesting substrates than with foraging heights and places.
In this section I briefly consider some of the adaptive advantages and disadvantages of hole (cavity) nests, open-cup nests (not in holes), and domed (constructed roof) nests. A more comprehensive treatment is in our book on Nest Building and Bird Behavior (Collias and Collias 1984) .
Hole nests in general are safer and fledge more young than do nests not in holes (reviewed by Collias 1984, Skutch 1985) . Cavity nesting gives shelter from the weather, helps ameliorate temperature fluctuations, and conserves energy (Kendeigh 1961) .
Hole nests in the ground protect from wind chill. In Patagonia, ground-tyrants (Muscisuxicola, Tyrannidae) escape strong cold winds by nesting in tunnels in the ground, a clear case of convergent evolution with the miners, Geositta (Johnson and Goodall 1967) and earthcreepers, Upucerthia (Narosky et al. 1987 ). These tunnels often are placed in slopes or banks giving some protection from rain or floods.
Nests in the ground may be less vulnerable to predators than nests on the surface of the ground, as shown by controlled field experiments with artificial nests (Martin 1987) . Quail eggs in a wicker basket lined with leaves and placed on the surface of the ground in an Arizona forest had a significantly higher predation rate than similar artificial nests buried with the rim even with the ground and partially covered with dead leaves, or eggs simply placed in a hole in the ground.
Tree-hole nests probably provide enhanced protection from weather and from enemies, compared with ground-hole nests. Evidence also indicates tree-hole nests are safer from enemies than open nests not in holes. In central Arizona, nest success was shown for various species to be higher in tree-hole nests than in open nests, and best in tree holes that had been excavated by the birds (woodpeckers and smaller species of nuthatches) themselves (Martin and Li 1992) .
The population density of hole-nesting birds often is limited by the availability of tree cavities suitable for nesting, and populations of such birds often have been increased by putting up nest boxes (Hogstad 1975 , Bock et al. 1992 ). Nest cavities excavated by woodpeckers also may make it possible for hole-nesting swallows to nest in some areas (Daily et al. 1993 ). There are no woodpeckers in Australia and New Guinea and also relatively few passerine birds that nest in tree holes. Only 4 of 33 families (12%) in Australia (Frith 1979) and only 3 of 33 families (9%) in New Guinea (Coates 1990 ) include passerine species nesting in tree holes, much fewer than is general among passerines over the world (Table 1) .
The disadvantages of nesting in tree cavities include intense competition for tree holes with other birds, as well as excessive exposure to arthropod nest parasites (Collias and Collias 1984) . In a nine-year study in south Sweden, Nilsson (1984) found that rate of nest failure and rate of predation were greater in nest holes or nest boxes situated low in trees than higher up. High nest holes were preferred and four different species of passerine birds occupied decreasing nest heights according to their dominance status.
To a considerable extent, passerine birds probably were able to escape competition for nest holes by constructing their own nests in sites of their own choosing other than holes (Collias Nests placed at the periphery of trees, especially when over open spaces, may be less subject to predation than nests placed more in the interior of the tree canopy. During a 5-year period in northeastern Gabon in equatorial Africa, Brosset (1974) found 550 nests of 110 species of rainforest birds and followed the fate of 337 of these nests. Location of the nest was more effective against predators than was concealment: 70% of nests located in small trees of the undergrowth were destroyed as compared to 50% of those nests built at the tip of projecting twigs, and only 35% of those nests overhanging water.
Domed nests placed well up in trees often are suspended from drooping twigs near the periphery of the tree, presumably providing less accessibility to arboreal predators. But such a site EVOLUTION OF PASSERINE NEST BUILDING 265 also will expose the nest more to temperature changes, wind, sun, and rain, than sites toward the interior of the tree which are more sheltered from the weather. The more peripheral exposed sites should therefore favor evolution of a roof to the nest. A roof also would help prevent the eggs from rolling out when the nest is tossed about by the wind (Collias and Collias 1984 (Collias and Collias, 1984) .
In conclusion, each basic nest type has ecological advantages and disadvantages, depending on the nest site in relation to predators, weather, and competitors, all favoring evolution of nest diversity among species.
The problems of predation (Lack 1954 ), environmental stress (Walsberg 1985) and energy balance (Walsberg 1980 ) are greatest for small birds such as passerines. According to Walsberg' s calculations, based on averaging multiple estimates for species, the smaller species of birds definitely have higher ratios of daily energy expenditure to basal metabolic rate.
In order to exaggerate effects of small body size for further insights, I compiled a list of the smallest passerine birds of the world together with the general, basic type of nest built by each species when this information was available. Ta (Fig. 4) of a tiny bird. This pensile nest was built of plant fibers, grass stems and dry bamboo leaves, and was about 2 m up in a small tree having many long spines.
The question arises that if a domed nest is so valuable to very small birds, why is it that, with very rare exceptions like the sylphs Aglaiocereus (Hilty and Brown 1986), the tiny hummingbirds (Trochilidae) build a cup nest? At least part One important consequence of small body size in passerine birds is the ability to bind the nest with spider silk, enabling the bird to fasten its nest more effectively to diverse sites, to use finer and more varied nest materials, and to give a firmer shape to the nest (Collias and Collias 1984). Spider silk not only is widely available in nature, but also has great strength and elasticity, with a breaking point that can be 100 times greater than that of high tensile steel (Gosline et al. 1986). A great many tiny passerine birds use silk in their nests, including the great majority of the species in bound with silk as are the iiner materials used by small birds.
Very small passerine birds (Table 5 ) nest on every continent and in most habitats on land, from cool southern beech forests in New Zealand (Rifleman) to northern spruce forests in Scandinavia (Goldcrest), and from dry desert washes in Arizona (Lucy' s Warbler) to lowland rainforest in the Amazon basin (Short-tailed Pygmy-Tyrant). This strengthens the general conclusion that small body size is a primary adaptation that has enabled passerine birds to invade and to nest in virtually every terrestrial habitat in the world, except the Antarctic.
CONCLUSIONS
The great diversity of nests built by birds of the order Passeriformes helps explain their success as indicated by their enormous number of species and individuals, and their occupation of most terrestrial habitats over the world. We may now answer the four questions which were posed in the introduction to this review of the relationship of nest-building behavior and diversity to the success of passerine birds.
(1) What are the basic nest types among passerines? Hole, open (not in holes) and domed (constructed roof) nests are the basic nest types among passerine birds (Table 1) . Open nests are the most frequent type among families of nonpasserines and passerines alike, but hole nests and especially domed nests occur more frequently among passerines, particularly in very small passerines, than among non-passerines.
(2) When did the basic nest types originate in evolution? The basic nest types arose very early in passerine evolution. Hole, open, and domed nests occur among the nine passerine families considered to be most primitive and nearest the ancestral type (Table 2 ). This was the primary adaptive radiation. Open nests are generally the most adaptable, but evolve into domed (roofed) nests, especially in small passerines, by two main routes: either on the ground where a roof gives added protection from predators, or at the periphery of trees, where a pensile nest is less accessible to predators but with greater exposure to sun, wind and weather. The precise type of nest actually evolved in a given taxonomic group depends on a balance of factors involving the history of the group, the environment, the nest site, body size, behavior, and complex habitat and community relations.
The most general conclusion of this review is that adaptable and varied nest-building behavior, combined with small body size and powers of 
